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Abstract 
To increase share of renewable in energy mix and to increase decentralized nature of the energy system, 
Yogyakarta needs to improve energy technology applications that utilize a variety of local renewable energy 
resources. In this spirit, this paper describes examples that demonstrate challenges in the application of small-scale 
renewable energy installations based on bio-energy, hydropower and small-scale photovoltaics system in Yogyakarta. 
Discussion was focused on the challenges of benefit sustainability in utilizing renewable energy technologies. 
The study was conducted on three biodig2ester systems based on cattle waste: two systems utilizing waste from 
tofu small industry and a system using human faeces. From socio-cultural point of view, the study showed tendency 
of willingness of local community to use biogas instead of fossil-based energy and indication of the willingness of 
local community to run and maintain existing biodigester systems. However, there was still lack of proper operation 
and maintenance standard. 
The study showed that three cattle manure-based biodigester could reach 91%, 78% and 85% of theoretical 
level respectively. Two biodigester systems based on tofu industry waste achieved 72.78% and 0%, respectively, 
while the human faeces biodigester reached level of 95.6%. Furthermore, it was shown that six biodigester systems 
studied were unable to meet economic feasibility criteria.  
Study was also conducted on a micro-hydro power plant built in Van Der Wick irrigation channel. The power 
plant was of 11 kW installed capacity. The study was focused on debris being blocked by trash rack and its influence 
on the power plant . The result showed that the debris accumulation could lead to blockage of the trash 
rack that could, in turn, decrease water discharge flowing into intake of the power plant. In one observation during 
the study, the power plant even stopped working in less than four hours due to total trash rack blockage. 
Meanwhile, another set of detail study was also conducted on 20 of 60 solar home systems (SHSs) which were 
in operation for two years. They were distributed and installed by the government of Yogyakarta to districts of the 
province as a grant. The SHSs are of 50 Wp and are designed to power three lights. The study showed that all SHS 
under study could, in average, only achieve 68.05% of designed performance level. Besides, the problems in solar 
panels, wiring, inverter and light ballast were also found. The last one occurred in 50% of SHSs under study.  
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Principle of the holistic framework of the technology diffusion and the supporting network should be 
implemented to keep benefit of small scale renewable energy infrastructures in Yogyakarta sustain. It needs 
comprehensive and long term program touching both technological and non-technological aspects. 
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1. Background 
Electrical energy demand of Yogyakarta Province is fully supplied from the Java, Madura and Bali 
interconnection grid, while the province's fuel demand is fully supplied from oil installation in Central 
Java Province. LPG and coal briquettes are also supplied from other provinces. These conditions reflect 
consequences of a centralized energy system which is excessively dependent on fossil energy sources. 
Such systems contain many risks. For example, disruption of energy supplies in the supplier provinces, 
either due to technical factors or non-technical, can disrupt and even terminate the energy supply to 
Yogyakarta. 
To increase share of renewables in energy mix and also increase a decentralized nature of the energy 
system, Yogyakarta needs to improve energy technology applications that utilize a variety of local 
renewable energy resources. In this spirit, this paper describes examples that demonstrate challenges in 
the application of small-scale renewable energy installations based bio-energy, hydropower and small-
scale photovoltaics system (PV) in Yogyakarta. Discussion is focused on the challenges of benefit 
sustainability in utilizing renewable energy technologies. 
2. Biodigester 
Study was conducted on three biodigester systems based on cattle manure: two systems utilizing 
waste from tofu small industry and a system using human faeces. The research focused on analysis on 
technical, economical and social aspects of bio-digester operational.  
The technical aspects analysis involved observation and calculation of daily sewage input volume, 
gas pressure measurement, digester temperature measurement, acidity and gas production. Technical 
analysis was conducted by comparing measured factual performance of the digester with theoretical 
performance based on digester design which was expressed in percent. The comparison result expressed 
correspondence between initial design, construction and operation of biodigester system. The factual 
performance of biodigester was represented by the volume of gas produced per day. The performance was 
determined by the metabolic activity of methane-producing microorganisms affected by many variables, 
such as, sewage volume, volume of water for input mixing, temperature, acidity and retention time. 
Economic analysis compared calorific value of factual biogas performance with calorific value of 
other fuels, namely LPG, kerosene and firewood. This would reflect saving resulted by the biodigester 
use. Yearly saving was the difference between spending (investment cost etc.) and income. Income was 
the difference between price of biogas and cost of the other fuels in comparable volume and price. Other 
economic analysis, in term of feasibility of the biodigester, was then conducted by applying criteria of 
SPP (Simple Payback Period), NPV (Net Present Value), IRR (Internal rate of Return) and BCR (Benefit 
Cost Ratio). 
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To analyse social aspects, observation and interview were carried out to community using the 
s due 
to use of biodigester and daily activity of operation and maintenance. 
From socio-cultural point of view, the study showed tendency of willingness of local community to 
use biogas instead of fossil based energy. There was also an indication of the willingness of local 
community to run and maintain existing biodigester systems. However, there was still lack of proper 
operation and maintenance standard. 
 
Table 1. Biodigester Operation and Maintenance 
Variable 
Operation and Maintenance Aspect 
Cattle manure 
in site 1 
Cattle manure 
in site 2 
Cattle manure 
in site 3 
Tofu industry 
waste in site 1 
Tofu industry 
waste in site 2 Human faeces 
Input mix  X    NA 
Mixing in inlet  X X X X X 
Mixing in digester X X X X X X 
Input stability   X     
Maintenance  X X X X  
 
Insufficiency in operation and maintenance had contributions to performance of biodigesters under 
study. The study examined capability of biodigesters in reaching theoretical daily biogas discharge. The 
study showed that three cattle manure-based biodigesters could reach 91%, 78% and 85% of theoretical 
level, respectively. Two biodigester systems based on tofu industry waste achieved 72.78% and 0% 
respectively, while the human faeces-based biodigesters reached level of 95.6%.  
The study found one biodigester system with zero efficiency. Here, it means that the system was 
unable to deliver fire at testing point with a distance of 15 m from digester structure. Devices used in the 
study were unable to detect gas pressure at this point. It was also found that the system was not capable to 
deliver gas, even at a distance of 10 m from the digester. However, flame found in the study indicated that 
biodigester produced gas actually. Construction problems in the digester structure were probably the main 
cause of this decline in gas pressure. 
Meanwhile, from the economical view point, it was shown that six biodigester systems studied were 
not able to meet feasibility criteria. It was represented by their negative value of NPV and BCR value that 
was less than one [1]. 
3. Micro-hydro Power Plant 
In Yogyakarta, low head hydropower plant in rivers and irrigation channel network is also 
promising. In micro-hydro constructed in irrigation channel debris flowing along the channel is one of 
variables that significantly determines sustainable benefit gained from operation.  
Study was also conducted on a hydropower plant built in Van Der Wick irrigation channel. It is of 
11 kW installed capacity and, thus, is categorized as micro hydropower plant (MHPP). The study was 
focused on debris being blocked by trash rack and its influence on performance of the MHPP. Actually, 
the trash rack is utilized to protect equipment, such as turbine, by keeping floating debris, leaves and trash 
from entering the MHPP trough the intake. The trash rack that consists of stationary rows of parallel steel 
bars is mounted at mouth of the intake channel. The intake is constructed to divert water at the 
river/reservoir source and deliver the required flow discharge to feed the MHPP. The trash rack and 
intake systems are those features that directly or indirectly contribute to the efficiency of water 
conveyance operations [2].  
The study was conducted under actual channel discharge that meets designed discharge of the 
channel. The study evaluated effect of debris accumulation at trash rack to performance of the MHPP. 
The accumulation was occurred during operation of the MHPP.  
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The study showed that the debris accumulation could lead to blockage of the trash rack that could, in 
turn, decrease water discharge flowing into intake of the MHPP. In one observation during the study, the 
power plant even stopped working in less than four hours due to total trash rack blockage. Figure 1 
presents decrease of MHPP performance (in term of efficiency). The efficiency decrease of the whole 
MHPP system was mainly due to decrease of turbine efficiency. The debris accumulation decreases in 
turn flow discharge needed to rotate the turbine. This accumulation created an energy (head) loss as water 








Fig. 1. (a) Debris accumulation at the trash rack (b) Decrease of MHPP efficiency due to the debris accumulation at the trash 
rack 
 
It is worthy to note that the MHPP presented quite good performance in condition of no disturbing 
debris at the trash rack (t = 0). In that condition, the MHPP could reach the efficiency of around 70 
percent and the output power of above 10 kW. 
4. Photovoltaics 
Study was also conducted on 60 solar home systems (SHSs) which are in operation for two years in 
6 locations. They were distributed and installed by the government of Yogyakarta to districts of the 
province as a grant. The SHSs are of 50 Wp and are designed to power three lights. The study was 
focused on 20 SHSs as samples.  
The study showed that all 20 SHSs under study could, in average, only achieve 68.05% of 
designed/theoretical performance level. This theoretical performance was calculated based on local 
meteorological condition and several specifications of each installed SHS. Besides, the problems in solar 
panels, wiring, inverter and light ballast were also found. The last one occurred in 50% of SHSs under 
study. Many of the SHSs (eight sets) were installed in houses that already connected to the power grid. In 
the situation, the SHSs are only used as a complement or backup. Some owners also do not have 
information of service point to handle technical problems occurred. Meanwhile, two SHSs which were 
installed are sheltered by trees. 
One of the sites under study was Gundengan Hamlet in Village Margorejo, Tempel  Sleman, which 
has 13 SHSs. In this hamlet, residents having SHSs formed a group that is responsible for maintenance of 
SHSs. The maintenance is supported by monthly funding 
of the six sites under study, only the hamlet that have such a group. Therefore, in other five sites, each 
SHS recipient is responsible for the maintenance.  
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5. Effort in Increasing Sustainability 
The challenge described above shows importance of strengthening the capacity systematically. For 
example, efficient and timely cleaning of trash rack can have a significant i
and generation [2]. Traditionally, trash rack was cleaned by hands with tools developed by the personnel 
who used it. Even today, some hydropower plants clean their trash rack by hands.  
Focus should be given also to local community as recipient of direct and indirect benefits of 
renewable energy facilities. Various training and mentoring programs to local community should be 
conducted in parallel since phase of pre-feasibility study. Classical tendencies that renewable energy 
development is driven by top down initiative need to be reduced. At least, the top down initiative needs to 
be comprehensively and systematically disseminated effectively, touching the local level from the 
beginning. 
The development of renewable energy infrastructure needs to be more strongly based on 
comprehensive consideration of technical, economical and social feasibility. It is a big challenge because 
there are still many obstacles which hinder the increase of utilization of various sources of renewable 
energy in various places. In general, they can be classified as problems of 1) market, 2) economics and 
finance, 3) institutional, 4) technical and 5) social and cultural [3]. 
Social feasibility includes the integration of renewable energy infrastructure in the local social 
system. Here, capacity of local institutions in the operational, maintenance and even development aspects 
of renewable energy infrastructure was essential. Local group for SHS maintenance found in this study 
was a good example to be developed. 
Positive perception of local community on renewable energy is a vital condition in complex process 
of technology diffusion. Budiarto and Putero conducted research to identify perception and need of 
several local small medium enterprises on the renewable fuel. They also tried to identify demand on 
performance character of renewable energy technologies. The result showed that cost, heat generated 
from renewable fuel, easy to use, easy to burn and distance to purchase the renewable fuel were the 
variables needed to large use of the renewable fuel [4]. 
In various local development programs, utilization of local energy resources needs to be directed not 
only to meet energy demand, but also as a driver of growth in productive activities. Energy supply 
activities should be positioned also as starting point in strengthening development of local economic 
activity. In general, development in the energy sector should always be carried out to increase 
productivity, employment and welfare of society. Emphasizing locality aspect in use of resources in 
different policy sectors will increase development of renewable energy utilization. In other words, 
utilizing renewable energy resources is not only focusing on environmental sector as its potential intrinsic 
benefits.  
Three basic dimensions of sustainable development (economic, social and environmental) will 
always be driving forces in developing the energy sector. It provides strong support for development of 
renewable energy utilization. Comprehensive program in utilizing renewable energy should always be 
conducted by arranging innovative synergy among various actions in various programs of development 
sectors at various levels.  
Inadequate maintenance capacity causes inefficiency and even damage in many renewable energy 
facilities. Therefore, there is a strong demand in local capacity building to meet challenges in operational, 
maintenance and even development phase. Moreover, challenge faced in developing small scale system 
based on renewable energy resources includes lack of technical competence, poor coordination among 
stakeholders from national to local level, non-comprehensive implementation of the policy at site level 
and lack of long term support throughout the lifetime of the renewable energy infrastructure [5].  
One solution alternative to the challenge is to develop a supporting network. It involves government, 
higher education institutions, vocational schools, local businesses and a corporate social responsibility 
programme. They will act in accordance with their factual and formal competences. The aim of the 
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supporting network is to provide support service for operational and maintenance, financial support, local 
innovative R&D program and continuous capacity building. A systematic and sustainable synergy should 
always be spirit for the network.  
In the framework of the supporting network, capacity building can be conducted in various 
activities: training for local technician and workshops, as well as upgrading technology-based SMEs 
which have potential capability to joint in supply chain of renewable energy industry. 
It is worthy to note that diffusion of technology is not just a matter of supplying technical equipment 
to the people. Moreover, the process needs to integrate aspects of know-how, skills and culture in sites 
where the technology will be operated. A "user-perspective" should be applied as a bridge between the 
technology and their (potential) users. Diffusion of technology should be able to build a linkage between 
theory and practice, which is strongly influenced by local knowledge and skills [6]. 
Principle of the holistic framework of the technology diffusion and the supporting network should 
be implemented to keep benefit of small scale renewable energy infrastructures in Yogyakarta 
sustainability. It needs comprehensive and long term program touching both technological and non-
technological aspects. 
6. Conclusion 
The study showed challenges in sustainable use and development of renewable energy technologies. 
The solution could be systematic and comprehensive capacity building in local community level. 
Development of the supporting network could also be tool in strengthening the community ability to meet 
conditions of sustainability. Principle of the holistic framework of the technology diffusion and the 
supporting network should be applied to keep benefit of small scale renewable energy infrastructures in 
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